ABSTRACT. The sea cucumber (Apostichopus japonicus) is an important item in Asian cuisine. It is currently produced through aquaculture, especially in China, after being overexploited in the wild in the 1990s. We isolated 70 novel polymorphic microsatellite loci using an enrichment-colony hybridization protocol. All loci were characterized in 48 individuals from a natural population in Rongcheng (Shandong, China) using genomic DNA isolated from muscle tissue. The number of alleles ranged from 2 to 17 (mean 7.0), and the observed and expected heterozygosities varied from 0.0010 to 1.0000 and from 0.2125 to 0.9477, respectively. Thirty-one of the 70 loci exhibited departure from Hardy-Weinberg equilibrium. These microsatellite markers should be useful resources for population genetic studies and 
INTRODUCTION
The sea cucumber, Apostichopus japonicus, is naturally distributed along the coast of China, Japan and Korea in the Western Pacific Ocean (Chen, 1990 ). This species is considered a delicacy in these countries. Due to strong consumer preferences, the demand for sea cucumber products increases insatiably. However, large demand has resulted in overexploitation and environmental deterioration. To satisfy the increasing demand and protect marine resources, the sea cucumber industry has developed rapidly in recent years. In an effort to increase the efficiency and profitability of aquaculture production systems, genome analysis on the sea cucumber has been carried out. To conduct genetic studies, molecular markers such as polymorphic microsatellites have been widely used as a principal tool. Although some microsatellite loci have been developed for A. japonicus (Kanno et al., 2005; Chen and Li, 2007; Zhan et al., 2007; Peng et al., 2009 ), more microsatellite loci are still needed to promote the implementation of genetic analysis and breeding programs. In this paper, we report the isolation and characterization of 70 novel microsatellite loci in A. japonicus.
MATERIAL AND METHODS

DNA extraction and enrichment for microsatellites
Genomic DNA was extracted from muscle tissue according to the protocol described by Zhan et al. (2007) . Microsatellite markers were isolated by the enrichmentcolony hybridization method reported by Fischer and Bachmann (1998) and Zhan et al. (2007) with some modifications. Approximately 10 µg extracted DNA was digested with 50 U AluI restriction enzyme at 37°C for 6 h. The 400-to 1500-bp DNA fragments were selected with a 1% low melting temperature agarose gel. The 21-mer (5'-CTCTTGCTTGA ATTCGGACTA-3') and phosphorylated 25-mer (5'-pTAGTCCGAATTCAAGCAAGAG CACA-3') adaptors were ligated to the selected fragments using T 4 DNA ligase at 16°C for 12 h. The ligated fragments were amplified using a single adaptor (21-mer) as primers. The PCRs were performed as follows: 5 min at 94°C, and then 25 cycles of denaturation for 45 s at 94°C, annealing for 45 s at 55°C, and extension for 45 s at 72°C, and a final extension for 10 min at 72°C. The amplified products were enriched for microsatellite sequences through hybridization with (AC) 15 , (AG) 15 or (ACAG) 8 oligonucleotides bound to nylon membranes. All hybridizations took place at 37°C for 12 h followed by washes of 58°C in 2X SSC, 1% SDS for three times. The quantity of captured DNA was increased by reamplification with 21-mer primer and rTaq DNA polymerase (denaturation for 5 min at 94°C; 25 cycles of 45 s at 94°C, 45 s at 55°C, and extension for 45 s at 72°C, and an additional extension for 1 h at 72°C). The PCR products were cloned into pMD 18-T vector (TaKaRa) and transformed into competent Escherichia coli DH5α cells. Then, the clones were rearranged in order on a new agar plate and transferred onto nylon membranes. The blots were screened with digoxigenin labeled (AC) 15 , (AG) 15 and (ACAG) 8 probes (Roche Applied Science), then, positive signals were generated using the DIG detection system (Roche Applied Science).
Primer design and PCR amplification
Some of the positive clones, which were screened via PCR and 21-mer primer, were sequenced using the sequencing primer M13-47. After discarding redundant sequences and examining the length and GC content of the flanking regions, primers were designed using the primer premier 5 software (Premier Biosoft International). After optimization of the PCR parameter, primer pairs that produced clear amplifications of the expected size were selected for microsatellite polymorphism analysis. A total of 48 sea cucumber individuals from Rongcheng (Shandong, China) were sampled to test for polymorphisms. PCR amplifications were carried out in a 20-μL reaction mixture containing 1 U rTaq DNA polymerase (TaKaRa), 1X PCR buffer, 1.5 mM MgCl 2 , 0.2 mM dNTP mix, 0.2 μM of each primer set, and 50-100 ng template DNA. PCR cycles were as follows: initial denaturation of 94°C for 5 min, followed by 35 cycles of 94°C for 30 s, primer specific annealing temperature for 30 s, 72°C for 30 s, and a final extension step at 72°C for 5 min. PCRs were performed in a thermal cycler (GeneAmp PCR System 9700, Perkin-Elmer ABI). The amplification products were separated by electrophoresis on a 12% nondenaturing polyacrylamide gel, stained with ethiduim bromide and visualized under UV light. Allele sizes were estimated using a 100-bp ladder molecular size standard (Invitrogen).
Data analysis
POPGENE32 (Yeh and Boyle, 1997) and ARLEQUIN softwares (Schneider et al., 2000) were used to calculate the number of alleles, observed (H O ) and expected (H E ) heterozygosities, Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium, respectively. All results for multiple tests were corrected using Bonferroni's correction (Rice, 1989) .
RESULTS AND DISCUSSION
Of the 1000 recombinant colonies screened, 723 gave a positive signal (72.3%). Plasmids from 300 positive clones randomly selected were sequenced, 295 contained at least one microsatellite (98.3%). After discarding redundant sequences and examining the length and GC content of the flanking regions, primers were designed for 121 sequences.
Of the 121 primer pairs, 70 loci showed clear and scorable amplification patterns, and were polymorphic in the 48 sea cucumber individuals tested. The number of alleles observed per polymorphic locus varied from 2 to 17 (mean 7.0). The H O varied from 0.0010 to 1.0000, while H E ranged from 0.2125 to 0.9477. Significant deviation from HWE (P < 0.05) was detected at 31 loci, which showed a significant heterozygote deficiency (Table 1 ). The presence of null alleles or population structure may be responsible for the deviations from HWE. Eight locus pairs displayed linkage disequilibrium after Bonferroni's correction. These polymorphic microsatellite markers developed in the present study will provide a useful tool for further genetic studies of A. japonicus. Continued on next page
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